Abstract--Proteins extracted with CHCl,-MeOH from wheat endosperm have been fractionated by Sephadex G-100 and the 15000-20000 MW range fraction, designated CM protein, has been examined by combined electrofocusing (pH range 5-8) and electrophoresis (pH 3.2) and the heterogeneity of the electrophoretic components has been ascertained. It has been shown by joint mapping and by sequential extraction that CM proteins are extracted by 70% EtOH but not by H,O, although they can be made water-soluble after dialysis against an acid buffer, pH 3.2, 3 M urea, without losing their solubility in CHCl,-MeOH mixtures. It is concluded that CM proteins fit the definition of a Folch-Lees proteolipid. The Triticum aestiuum (genomes ABD) map can be reconstructed by mixing T. &rum (AB) and Aeyilops squarrosa (D). The low intragenomic variability of CM protein is confirmed.
INTRODUCTION
The electrophoretic patterns (pH 3.2) of CHC13-MeOH (2:1, v/v) extracts of partially delipidated endosperm from Triticum aestiuum L. consistently show three fast main bands, CMl, CM2 and CM3, and those of T. durum Desf. only two, CM2 and CM3 [l] . purified and partially characterized CM1 and CM2, showing that they were controlled by chromosomes 7D and 7B respectively. The third component, CM3, has been recently purified by Redman and Ewart [3] and by Aragoncillo [4] . The latter has also purified a faster variant of CM3, designated CM3', which is present only in a few T. &rum varieties.
There is indirect evidence that more than one protein might be present in band CM3 of T. aestioum (genomes ABD): (i) both Aegilops squarrosa (D) and T. durum (AB) have a CM3 band [4] ; (ii) the CM3/CM2 and CM3/CMl ratios, which are rather constant within the species, are significantly depressed in both ditelosomics and in the monosomic of chromosome 4A, but no suppression of CM3 takes place [4] ; (iii) amino acid analysis of CM proteins purified by ion exchange [3] and by direct elution of trichloroacetic acid precipitated bands from an acrylamide slab show a considerable lack of agreement [4] .
The electrophoretic patterns (pH 3.2) of wheat endosperm proteins extracted with 70% ethanol (EtOH) have a number of components migrating ahead of gliadins which are of great taxonomic significance, as shown by has recently implicated homoeologous chromosome groups 4 and 7 in the control of some of these proteins. CM proteins are soluble in 70% EtOH and the three variant patterns, CMl-CM2-CM3, CM2-CM3, and CM2-CM3', can be recognized among the more complex patterns of EtOH-extracted proteins [3, 4] . It has also been observed that these proteins are at least partially soluble in water [3, 4] .
We report here an investigation of the heterogeneity of CM proteins and their relationship with the 70% EtOH and H,O-extracted proteins.
Geljiltrution

RESULTS
Proteins extracted with chloroform-methanol (CHCl,-MeOH) (2: 1) from partially delipidated wheat endospcrm can be fractionated on Sephadcx G-100 (Fig. I) . Three fractions are obtained: peak A. which appears with the exclusion volume. is precipitated by dialysis against water and is prohably composed of glutenins; peak B clutes in the 40000--60000 M W range and yields an clcctrophorctic pattern identical with that of the classical gliadins extracted with 70",, EtOH : and peak C'. which is eluted in IS000 10000 MW range. COIIsists of the (I4 proteins. Proteins oxtrncted with 70",, EtOH or with watc'r also >,icld :I peak in the same range as peak C, which includes the proteins that move ahcad of gliadins in clectrophorcsis at pH 3.2 19. IO]. Two-dimensional mapping by, combined gel elcctrofocusing and electrophorcsis \V;IS carried out at optimal and at o\~crloading concentrations of the following protein preparation.\: peak C' (CM). C'HC'I, MeOH extract (C'ME). 70",, EtOH extract (F.E) and \Vatcr cxtrnct (WL<). Binary mixtures of these cxtrncts were also run to confirm homology of spots. A composite map for T. rwstirum var. Chinese Spring is prcscntcd in Fig. 2 and the observed distribution ofcomponenls in the diffcrent preparations is summurized in Table  1 . Densitometric prolilcs of the three latter types of preparation from 71 trc~sriru~ri bar. C'andcal iire superposed in Fig. 3 . Maps of CM and CMF have the same components in the zone of faster electrophoretic migration, with the exception of component 5 and the traces of 20 and 21 which are missing from CM.
All CME components are extracted more readily with 70% EtOH: spots 2, 3, 4, 8, 9, 11, 12 and 13 in the CME map have 50-70'% of the intensity of those in the EE map while spots 5, 16, 17, 20 and 21 in the CME map have 520% of the intensity; components 1, 6, 7, 10, 14, 15, 18 and 19 are only present in the EE map. These results are consistent with those obtained by sequential extraction. Extraction with CHCl,-MeOH after 7o'j/, EtOH yields none of the components of the CME map, while extraction with 70% EtOH after CHCl,-MeOH gives a complete EE map in which spots 2,3,4,X, 9, 11, 12 and 13 are much weakened.
The WE map has 9 components in common with the EE map (spots 1, >7, 10, 1416 and 21). Some of these, 14-16 and 21, are extracted more effectively with 70'%; EtOH than with water. In addition WE has a number of components, designated A in Fig. 2 , which are not detected in either CME or EE. Extraction with water after 70% EtOH yields only the A components plus spots 1 and 10. The map obtained with the 70% EtOH extract of water extracted flour closely resembles that obtained with CM. Thus, water does not extract CM proteins from flour. WE has two minor components overlapping with EE components 11-12 but different from them as demonstrated in T. durum var. Ledesma, whose EE map lacks 11 and has a variant of 12 but whose WE map still has the two weak components in the same position as 11 and 12.
Proteins extracted with CHCl,-MeOH from EE yield the same map as CME. CM proteins are readily soluble in CHCl,-MeOH, in water and in 70% EtOH after gel filtration in acid buffer, pH 3.2, 3 M urea, dialysis against water and freezedrying. However, water does not extract CM proteins from CME or EE.
Analysis of tetraploid and hexaploid wheats
In Table 2 , CME and EE phenotypes of hexaploid wheats (genomes ABD) and tetraploid wheats (AB), as well as that of Aegilops squarrosa (D) , are recorded. Equivalence of spots was ascertained by joint mapping. All hexaploids have the phenotype of variety Chinese Spring with few exceptions: component 2 is absent in six varieties, a variant pattern is obtained for components 18-21 in two varieties, and some additional components are present in the synthetic 7: spelta which are contributed by T. carthlicum.
All tetraploid phenotypes, natural as well as obtained by genome extraction, are identical, with the exception of variety Ledesma, which has components 12'-13' of different mobility and isoelectric points than 12-13, and the already mentioned additional components of T. carthlicum. All components of T. durum maps are recognized in T. aestivum maps. 
DISCI'SSION
The above results indicate that not only CM3 is heterogeneous.
as suspected,but also other electrophoretic bands seem to yield more than one component.
The possibility of artifacts cannot be overlooked. These could arise during elrctrofocusing or in the previous handling _of the protein preparations.
Our unpublished genetic evidence permits discarding some of the potential cases of artifact formation:
the genetic control of component 2 is independent from that of 3S4; gene(s) for component 5 are located in a different chromosome than those for 6-7 and 8-9: 11 is equally independent of 12-13 : component 16 is controlled bq a different chromosome than 17; and the genetic variation of components 1% 2 1 precludes their being artifacts.
These considerations narrow the possibilities to the pairs 3--4, 8-9, 12.-13 and 12'.-13'. that could represent one protein each, and components 6, 7. 14 and 15. that are controlled by the the same chromosome arm and could be different modifications of the same protein.
Different electrofocusing conditions have been employed to investigate if these could alter the patterns: no significant changes were observed when persulfate was substituted by riboflavin in prcparation of the gel or when the sample was applied on top of the column instead of incorporated into the polymerization mixture. It does not seem likely that the pairs arc the result of incomplete dclipidation because the prolonged exposure to acid during gel filtration and dialysis against water does not alter the pattern. However, they could represent irl rile modified forms of the same polypeptides.
In this connection. it is particularly striking that the two components of CM3', 12'-13'. differ to the same extent in theit isoelectric points and electrophoretic mobility from components 12--13 (CM3). In any case. the elucidation of this matter will depend on purification of the individual components or on further genetic studies. Kaltsikes et al. [22] by D genome extraction.
Extracts.
The crude CHCl,-MeOH (2: 1) extract was obtained from delipidated flour as previously described [l] and dispersed in 3 M urea, dialysed against H,O for 48 hr. centrifuged at 3000 g for 15 min, and the supernatant freeze-dried. For the mapping experiments, from l/2 to 6 kernels were crushed between two metal plates with a hammer, defatted with light petrol (5&70', 10 v/w) and the solvent removed in wcuo. The samples were extracted 3 x with the appropriate solvent (8 v/w each time) and the solvent of the combined extracts eliminated in uacuo or by freeze-drying.
When sequential extractions were performed, after the third treatment with the first solvent (100 v/w), the solvent residues in the sample were removed in ~acuo and the second solvent then added.
Geljfiltration. Both the crude and the dialysed CHCI-MeOH extracts (lo@400 mg of each) were subjected to gel filtration through Sephadex G-100 (2.5 x 90cm column) in aluminium lactate buffer 0.1 M, pH 3.2, 3 M urea. Fractions corresponding to peak C (Fig.1) were pooled, dialysed against Hz0 for 48 hr and freeze-dried. Combined elrcrrofbcusing and electrophoresis. The method described by Wrigley [23] was used with the following modifications: polyacrylamide gels were 2 x 140 mm, ampholine pH range s-8, voltage was brought up to 470V never exceeding 0.5 mA/tube and then maintained for 6 hr 30 min, electrophoresis time was 6 hr at 10 V/cm. The unfixed electrofocused gel can be stored frozen for several days without affecting the two dimensional pattern. Under the above conditions, the gliadins are not f&used and migrate very little into the starch gel. The pH gradient was determined according to Drysdale et nl. [24] .
Densitometry was performed in a Chromoscan (Joyce and Loebl) with the 620 nm filter. A wider sample holder was especially made which allowed scanning of half a map each time.
